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AbSTRACT

The urpse f tispoetw to develop one or more protective

coatings for the MAULER weapon pid vehich would protect the exterior
surfaces and materials of the pod ,,,ainst the exhaust. blasts emitting
from MIAULER missiles.

This report covers the period of t'ime from 10 Jaly 1964 to 1. July
1965. During this period, 22 materi~As were evaluated utilizing the
actual conditions of MAULER rnissil'ý firings.

Three materials have demonstrated a satisfactory capability for

withstanding MAULER firings. rwo of the three materials were sub-

jected to six firing tests whiie the third. material wa,- limited to four

firing tests.ii' The three materials are recommended for use with the MAULER
weapon pod and are rated in the order U~s'.ed below:

1) Two-part epoxy matrix-typee coating jASA 64-4-A s~pecimen)

2) Epoxy and fiberglass, two-part cc~mpound coating (RSA 64-6-A
specimen)

3) Alkali metal silicate pigmented w',th inorganic fillers (RSA -64-

29-A specimen).
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1. Introduction

The previous efforts by the Ground Support E;quiprnent Labora-
tei, on ohis project are presented in progress reports RL-TM-63-11,
dated 9 August 1963, and RL-TM-64-6, dated 21 July 1964. The pur-
pose of this report is to define project activities and results from

10 July 1964 to their completion on 1 July 1965. MAULER firing tests
used in this project were completed 14 June 1965.

2. Discussion

a. Purpose of Study

The purpose of this project was to develop a coating mate-
rial which would provide the beb pnssible protection for "he MAULER
pod under conditions of multiple firings (Table I). During missile
firings, the top surface areas of the MAULER weapon pod are subjected

to extremely high tempera~ures, pressures, and exhaust blast residues
emitting from the plumes of MAULER missiles. These environmen ts
introduce severe corrosive and erosive conditions which damage the
paint finish and basic materials of the weapon pod.

b. New Materials Tested I
in addition to 6 specimen materials further investigated

from the previous inveekigation period, there were 16 new specimens
tested. The specimen numbers of the 16 materials tested were:

RSA 64-17-A, RSA 64-18-A, RSA 64-19-A, RSA 64-20-A, RSA 64-21-A,
RSA 64-22-A, RSA 64-23-A, RSA 64-24-A, RSA 64-25, RSA 64-26:
RSA 64-27, RSA 64-28-SS, RSA 64-29-A, RSA 64-30--A, RSA 64-31-A,
and RSA 64-32-A. The material sources are outlined in Table II.

c. Total Materials Tested This Period

Twenty-two materials were subjected to firing tests at

White Sands Missile Range in New Mexic-o (Table IJI). The results of

the tests are contained in Tables IV and V, and Fi ires 1 through 58.

d. Materials Obtained During Period (Untested)

Five test specimens were received from- the U. S. Army
Coating and Chemical Laboratory, Aberdeen Proving Ground, Maryland.
These specimens were received too late to be scheduled for testing.
Two of these specimens were damaged in transit between the Aberdeen
Proving Groun_ and the U. S. Army Missile Command at Redstone

Aisenal. The data for the five untested specimens are as followe:

6I

44,

£ As-

-4 4k-~Y~~ - ,-~..-AV



Formul~a Type

555-. 11) 1 Fibe rglait- Epoxy

555- 1 i;ý F i e r gas s- E-p xy~

555- 1131 Fi beirglaas- Epoxy- Polyamride

555-.121 iiberglass- Alrn-inum- Epoxy

555-125 Fib~erglass-.TUrethane

In accordance with verbal it~struictiiou from the V~ S Army Coating
and Chemical Laboratory, the precedings~pecim~ens are to be retain~d
by the Ground S~ipport Equipm. ent La~--ratory for possib e netaio
in futln'i projects.-

e. MitpeFirsno Teot (Twe or More)

Finltzh af'i;6 coating specimners subjectzed to mul~tiple firing
tests at Whitt- Sz rids Missile Range werr aa-follows:

Specizmert No. N~of Firtag ?"dSt

IRSA64ý-4ý-A-

RSA _64- 5- A 2

sA 64,-6,-A_

- § 64lA~-1-4-A

R SA 64- 21-;A

RaA- 644-~A -

I-¾

*Se~te ir three-u migtti -h-e were -ac tp~sed

a 4- J-zf 19M~-
'A- --- a "

=-*I t eig,14.Ai -,- -" *miiiied-

thir*Ar -4 ~izcer~hý.-~- (_Aad

MOO b'~itt 'popt IRSA44--2

t__

x-'

-~ 'A 0¼6



3. Gonclw~ions

a. Pod Protection

The weaporpcd firing unit (Figure !91 to be protected
includes thrve areas which receive rocket motor blasts. Th.ese areas

tare aa follows (Table VI):

1) Areas that receive nearly perp-endicular bolast-s from
the mis5es- at a relatively clare r'ange.

2) Areas that receive less severe non- perpendicular
blasts, usually at greater dirtances from the rocket motor nozzle.

3) Areas that -.re subjected only to deflected or xindirect
blast impingement.

b. Methods of Testin

___ tilzed The followin~g were t~he four basic methods of testing
utiize in the overall prograir:

1) Subjecting specimens to mechanical cesting.
,r- Z-4

7) Subjecting specimens to small 2-indah rocket static
firings at the contractor's facilities, or small rocket firings at Redstone

3) Subjecting specimens to MAULER static firings.

* tio~ the4) 5ubjecting specimens to actual environmental condi- L
tifsof teMAULiER firing unit at White Sands Missile Range in. the

ft~Alowing order:

a) Promising specimenes single firing tests.

b) Best prom.ising specimets - two or three
-firink tests.

~ 6~.c) Beat performing specimens '-multiple firing tests

lgPTE: Tests pedormed dturing the period covered by this report were
lir-nited, to- method 4) above.

3
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I c. First Specimens Selection

Specimens subjected to firing tests during period 10 July
1964 to 14 June 1965 were t~he rniost promising materials investigated by
I'TlCQM. The 22 materials tested during this period were first sub- J
jected to a s-ng~e firing test on the MAULER firing unit before a selec-
tion was madec of the best performing materials. Those specimens with
the highest amount of sýoating eroosion, bonding failures, and otherj
unsatizafatory conditions were disqualified after the first firing test or
after subsequent firi.ng tests.

d. Final Specimens Selection

I ~The final selection of specimrens for r-lultiple firing tests
was made on the basis of coating weight loss, coating pecrc-ntage loss,
condition of coating surface, bonding adherence tfo substrates, and the
availability of rernaining firings (Tables VII through XXIX and Figure
60). Some materials showing promise were dis4qualified in favor of
other materials because the testing program from I April 1965 to
14 June 1965 limited the num~ber of specimens which could be tested.
As a result of an evaluation to determine the best performing materials,
four specimens, RSA 64-4-A, RSA 64-6-A, RSA 64-12-A, and PSA. 64-
29-A, were selected and tested.

e. Specimen Arrangement

Tests conducted at White Sands Missile Range consisted ef
specimens arranged in clustors of fo3ur with the coating substrate panels
bolted to test fixttures 'attachem! to the firing unit structure (Figures 61
and 62).

jj If. Conditions

Tests conducted at White Sands Missile Range werc con-
- - fined to oune 4rea of the firing unit in order to assure.,

1) All, materials tested under co..itiorgs of the act-ual
firing unit would be subjected to equivalent test c,*rditions.

2) A maximum number of mate rizis could be tested with

'f' ~mini mum number of firings.
g. Acceptablc Specime n

Three of the four specimens subje-cted to successive multiple
firing tests, 20 through ZZ April 15%05 and )W4 June 1965, are considered

-C 4
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Sp to have performed on an acceptable level (Table VII). These are RSA
64-4-A, and RSA 64-6-A, which were subjected to a total o. six firings,
and RSA 64-29-A, which was subjected to a total of four firings. Speci-
men RSA 64-21-A was disqualified after subjection to its fourth firing
test. All three of the successful specimens are considered to generally
meet the prerequisites established for the program. The first two ox

the successful specimens were materials applied by trowel, whereas

thn third successful specimen was a material requiring spray applica-
tion. Specimen RSA 64-4-A was rated above specimen RSA 64-6-A
because there were indications of minor bonding failures at two corners

of the latter specimen, which were not apparent until after the sixth
firing test.

h. Solution

Although three of the candidate materials investigated have

shown acceptable results when tested by actual firings, a better solu-
tion to the weapon pod deterioration problem would be a factory applied
finish and coating capable of withstanding missile blasts for the life of
the weapon pod. When future finish and coating developments are made,
those materials which have shown promise, but which were disqualified
in favor of other more promising materials, shoula be reinvestigated
and subjected to multiple firing tests.

4. Recommendations

a. Field Application

If the MAULER weapon pod is to be protected by finishes

and coatings which can be applied and repaired in the field, the following

protective finishes and coatings are recom-mended in order of preference:

"1) RSA 64-4-A. Two part epoxy matrix-type coating.
Commercial designation: PT-2090 Heat Glaze (see Table XXX for
description), Products Techniques Incorporated

2) RSA 64-6-A. Epoxy and fiberglass, two part com-
pound Commercial designation: 7594Y,. 1 Twin Weld (see Table XXX
for description), Schra.irn Products, Incorporated

3) RSA 64-29-A. Alkali metal silicate pigmented with

inorganic fillers. Conimmercial designation: WSX-5833, Inorganic
high temperature coating for missile applications (see Table XXX for

description), EN5AY Chemical Company.

5
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b. Further Research

p This project should be continued for further evaluation of
the three materials recomm~tended aooves and the best six of the remain-ing investigated group, when suojected to a greater num.I~er of multiple
firings. If additional MAULER firings are riot available for continuingthe project, other simnilar rest missiles should be use~d.

A new project should be undeftaken to develop factory applied
mnaterials, finishes, or both, wnich are capable of withstanding actual
misvile blasts for the service life of the Iv[AULE1P weapon pod. These
developments are needed to eliminate field application and repair.

NI
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Tab1 I. Coating Prerequisites

General Requirements

I. Coating application should be limited to a maximum three step •
operation. A single step operation, if feasible. is highly desirable.

2. Coating application should be easy and simple under field conditions
with the use of comr,.on tools by Army personnel having a minimum
of training in application technique. -Application of the protective
coating by means of either a brush, trowel, or by spray method is
desired.

3. The coating material must cure within 16 hours or less after appli-
cation without the use of supplerrmentaxy heating equipment. if
necessary, drying agents such as amnine nray be added to the basic
compound(s) for expediting curing time. Coating compounds and
drying agents rfiust be compatible.

4. The ingredients of the coating material shall be capable of bonding
together and adhere strongly to the alumninum surfaces of the
weapon pod.

5. Weight cf the coaling compotnds after appiication and curing shall
not exceed 1. 5 pounds per square foot. A coating material weighing
less than I. 1 pounds per square foot is desired in order to rini-
mize additional weight on the weapon pod.

6. The color of the finished coating compound should match as nearly
as possible the color of the weapon pod. Coating compoundE, de-
veloped locally or obtained from any source, should either be
colored olive drab or should be capable of being cclored by the
addition of non-oily type olive drab pigment.

7. The developed coating when applied shall be capable of withstanding
high temperatures of 2000°F to 6000*F, pressures ranging from
100 psi to 400 psi, and the effects of alumina-propellant particles
during the blastoff of MAULER missiles for time periods up to 1/8

second. Either a single firing or multiple firings at a stable
azimVAth and elevation position, or a varied combination uf azi.-nuth
and elevation positions, are highly probable under tactical situa-
tions. Blast impingem ant points on the weapon pod will vary from
8 to Z6 inches under the above stated conditions.

7
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K?,in

Table L. (Concluded)2

8. The final coating finish should have a nonskid type surface whtai
wet. This type surface is particularly desired for safety of
personntel when walking on areas of the weapon pod that are coated
with the protective coatin1g material.

9. The developed coating shoulid be easily repairable as a fieldc fix
under tactical conditions, when required, by utilizing identical

NI'

*-' -. '-NAW-&

3 R''

111~I~

qA

-7FT7

-- '~~~-' -ý. '1 'l "-

2' Re

5ý'~ 1



U ~Table Hi. Material -Sources and D~esignators

Specimen SourceJ

1. RSA 64..4-A Prodi:.z- Techniques Incorporated
c(Prepared by GSE Lab) Los Angeles, California (AA)

12. RSA 64-5-A Dyna-Therin Chemical Company
(Prepared by GSE Lab) Burbank, California (BB)

3. RSA 64-6-A McMaster -Carr Supply Company

(Prepared by GSE Lab) Chicago, Illinois (CC)

4. RSA 64-7-A Deveon Corporation, Danvers,
I (Prepared by OSE Lab) Massachusetts (DD and Ground Support

Equipment Laboratory, Redstone
Arsenal, Alabama (EE)

5. RSA 64-14-A U. S. Army Coating & Chemical
RSA 64-15 -A Laboratory, Aberdeen Proving Ground
ýPrepared by C&C Lab) Maryland (FE')

6. RSA 64-17 -A Lord Manufacturing Company
RSA 64-18-A Erie, Pennsylvania (GG)
RSA 64-19-A
RSA 64-20-A
(Prepared by Supplier)

7. RSA 64 -21 -A Raytheon Manufacturing Company
R~SA 64-22-A Lowell, Massachusetts (HH~)
RSA 64-.23-A.
RSA 64-74-A
(Prepared by Supplier)

8. RSA 64-25 Raybestos -Manhatten Company
~ RSA 64-26 Manheim, Pennsylvania (UI)

RSA 64-27

(Prepared by GSE Lab)
9. RSA 64-28-SS National Aeronautics & Space Adminis -

(Prepared by GSE Lab) tration, Redstone Arsenal, Alabama(JJ)

110 . RSA 64-29-A ENJAY Chemical Company
4R8.4 64-30 -ADivision of - l~unble Oil Co.

(Prepare,,2 by Supplier) New Orle~ns, Louisiana WKi)

11I. RSA 64-31 -A Thiokol-Al-aha Division

- ; -RSA 64-3Z-A ResoeArsenal, Alabama (LL)
(Prepared by Supplier)

Rx - 9
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Table VY. Fifing Qua.~rant .Elev~anon 'QE) and lmnpiz~gernent Distance

Fi ring p Fir~ng M lissaile QE Specimen QE Irnpi.Ig e rn e ,t

Number Detsignatio:1 (HIo r i z,-i.-ta 1) (Vertical) .Distance

1I STV-9 45 1' 4-.01e.

-2C 71V-10 43.00 45.08 1 -. p

ITV630, 60  450 14. 0' J
-4 18'V -1.6,04F -1'J 4. '1-

G "TV -1.3 40.50 4 50 ~ 130

6 1 BTV,2J 5Z. 0~ 4.G 15.0" L
V CT vf 14 4-8 60* 1301

IT 2 2 3. 0 45.0- 10. 0"

4 A'.....

1, -r5- ME~

iAý4 ý! I Z .7
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Table VJII Material Chaiacteristics and Description
(Three Bcst Performi.ng Specimens Tested)

100% swiids, two component epoxy material. Figmeints in the matrix
are Ui,- -ype used in fire rz{ardant coatings. Component "A" is white _

arid of 1061% solids. Component "B" is of 10016 soliAds heavy grey paste.
The components are mixed equal parts by volume; tro el application;A
not life 'Phree hours: c-ure timie 12 hours or overnight (accelerated
c_,ring can be achieved at 180*F for 1 hour by using heat lamps). Weight
per gallan - 11 pounds. The cost of this material is approximately
$60. 58 per 2 gallon kit (discount of 10% on orders in excess of 50

gallons_ý). Available in olive drab color by adding pigment.

R~A 61-6ýA

Material is a balanced conibiation of epoxy resin, hardeners, fillers,
etc., regularly specified by NASA in satellite programs. Available in
olive -drab if specificall) crdered in sufficient quantity. Pot life at
25*C ranges 3 to 4 hours. 3/16 inch coating dries in 5 to 6 hours.
Two component compounds, "A" and "B" mixed equal parts by volume.

Weight per gallon - 10 pounds. Materials can be furnished in 1/10

component "B" in a 10 ga.llon. pail. Similarly, a combination of 7 3/4j ~ ~ ~ ~~ ~~ala and 15 1ubes gallon gallos couldcopnt be used ~~with2 eachad pailgaon containing o
7 1/2 gallons. 55 gallon open head drum. Yhe approximate cost of
tl~e material is $31. 10 (500 gallons), $30. 20 (1000 gallons), $29. 15
(1500 gallons), $26. 35 (3500 gallons), $25. 20 (4500 gallons), $21. 80
(5000O gallonz). Mater~als supplied in 55 gallon open head drums, one
iýomponent to~ be so pigmented that the color, when the two components
~are mike~d, will be oli.ver drab.

RSA 64-29 -A

100% it-o-rganic self -curing, hard-drying, heal- resistant protective
coating. Two components "A" and "B"~ rtquired to be prennixed prior

-~to us C. Availh;bde in two one-gallon compartments -- compartment "A"
of WSX-5833 is self -curing aqueous alkali metal silicate vehicle, comn-

71rpairtnent "B--~ is a ýpill copuded mitur of powders and -lusts
irpar ting "~lids -- LD-3058 special alkali silicate solution 31. 7 wt %/,t

otbe inrgaic igments 20. 4 wit %/, zinc dust 47. 9 wt %/. Weight per
gallon - 20. 13 pounds. Spray gun application. Available in green

eram~iic pigments (not- olive drab). A version of olive drab is available.4
Dryi~ tim 5 hurs t 7*F (50% R. H.), 2 hours at 90*F (30%96 Ii)
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Table VJI. (Con~cluded)

15 24 hours at 50*F (90% R. HJ. Estimated weight tcured state) -

0. 09752 pou-nds per square foot (4 rails). Cost of ma-terials in quantities
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Ta b1ke XXX. Appitcation Wcýight Data

Number Specimen Equivalent 80 Sq Ft -0 Sq Ft

RSA 64-4-A 127.0 254.0 20,320 46.62*
PSA 64-5-A 98.4 L96. 8 15. i44 34.69
RSA 64-6-A 90.8 81.6 184,528 32. 00*

RSA 64-7 -A 115.4 3. 8 1.6 06
RSA 64-14-A 133.7 Z67.4 21,392 47 i3RSA 64-15-A 00.0 200.0 16:000 :5.25

RSA 64-178-A 97.8 195.6 15, 648347
R8'Aý 0-8- 6. 1 17Z Z 13763.3

IRMA 640-19-A 108.0 1 .16.0 17,280o 38.07
IRSA 64-20-A 87.5 i75.0 14, 000 30.85_
IRSA" 64-21-A 1i0.5 Z21.0 17,680 38 5
JRSA 64-22-A 108.4 Z16.8 i7,344 28.:2 i
IRSA 64-23-A 113.0 226,0 1 18, 080 39.,3
IRSA 64-24-A IZ7. 6-- 255.2 Ž, 416. 44.96
RSA 64-25 246.4 492.6 39,4 .4 86.86
RSA 64-26 23Z8.6 51y.z 41.376 91.16
RSA 64..27 273.4 4X6.8 " 43,944 6.8 1

64-28-SS 1132.2 2264.4 i11,i52 i 39,'-;
RSA 64-29-A 47.0 94.U A 7,50 56.5.
RSA 64-30-A 49,3 98.6 7,8L,: 17, 38
IRSA 64-31-A 'i6,2 597. 4 4-7, 392 104-.ý41
LI SA 64 - 32 -A 155,2 10,4 16,832 %7.08 _ _

"", *ecommended Anaterfa1 baszd upon results of multiple firi-g tests

3,1
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Figure 16. Coating Specimen RSA 64-7-A After Test No. 1
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Figure 18. Coating Specimen RSA 64- 14-A Before Test No. 1
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Figure 19. Coating Specimen RSA 64- 14- A After Test No. 1
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t Figure 21. Coating Specimen RSA 64-15-A Before Test No. 1
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Figure 35. Coating Specimen RSA 64-22-A Before Test No. 1
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Figure 36. Coating Specimen RSA 64-22-A After Test No. 1
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Figure 38. Coating Spe,'imen RSA 64-23- A After Test No. I
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Figure 39. Coating,, Specimen RSA 64-24.-A Before Test No. 1
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Figure 49. Coating Specimen RSA 64-29-A Before Test No. I
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Figure 50. Coating Specirrien RSA 64-29-A After Test No. 1
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Figure 51. Coating Specimen RSA 64-29-A After Multiple Firing
Test Nos. 2, 3, and 4
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I Figure 53. Coating Specimen RSA 64-30-A After Test No, 1
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4 -impingemnent poir't I -I1fs" Impingement ppint -

IAfrorn ln 1-1/4" from center line

RaSA -RSA RSA RSA
64-4--ý 64-7-A I64-6-A 64-4-A

RSA RSA RSA RSA
*65 -5 -A j64-6-A 64-7 -A 64-5-A

1. STV-9 Firing 11 June 64 2. CTV..10 Firing 22 July
12. 0" Distance Q.E =45' 64f 12. 0" Distanice

OE =450
mpingement. point

1-1 t-~~kv~ top

RSA RSA

64-4-A 64-6-A

RSA j RSA
64-14-A I64-15 -A

3. RTV-6 Firing Launch-QE =30'

14. 0" Distance

RSA RR 3Acoe RSA RSA 1 I
64-18-A 64-20-A 64-21 -A 64-2.2-A

RSA RSA from center RSA a

:64-19-A 64-17-A QE =43.70* 64-24-A 42'-

Yrnpingement pointI
3-3!8" from center

4. BTV-10 Firing Launch 5. Gr Ti3, -I'i zj.-g
QE = 48*ý-arý chQ !R 5
14-3/8" Distance 011' Distarc,ý
11 Dec-ember 64 64 ;

Figure 58. Specimen Arrangemnents Du.-t-in--gin
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IRS 6427RSA RSA
RSA64-5,RA 1-2764-29-A 64-31 -A

Ipneetpoint '

3"1 from center IRSRA
RA QE 47* S S

*R-SA 64-26, / ýS 64-30-A 64-32-A

6. BTV-11 Firing 7. GTV-14 Firing impingement
13 January 65 4 February 65 point 3-3/8"
13. 0"1 Distance 13. 0"1 Distance below Center

QE = 5Z QE =48. 6 QE 48*

Impingement point

1-3/41' down from RSRA

topcener64-21-A 64-29-A

RSA RSA
64-4 -A 164-6-A

Im*~-4 . GTV-19 Firing
pmgem. ~tOŽ~ k April 65 Imp,.ngement point 5"

t V' -0' Dista:ace ciwn fromt-p at center

RSA - F-5O64-21-A 64 -, 9-A

~, -~A~)r1 ~ 1*5. GTV-.ZZ Firing 14 June 65
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(2) (3)

(4) (5)

x X X 61,
(6) (7) (8)
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.. ~~~ý ()(i)(3)

X x X

3"1

-611I

"Format

All specimens were measurer3 with the engraving on the back, right side
up, and all specimens had the coatings facing upward;

The measurements were taken at 13 stations marked by X's on the
ab:ve diagram.

Note: Station numbers shown in parentheses

Figure 62. Distribution of Specimen Measurement Stations
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